؉ ratio seem to depend on gender. Normal lymphocyte subsets values among children from Cameroon differ from reported values in Caucasian and some African populations. The differences observed could be due to genetic and environmental factors coupled with the methodology used. These values could be used as initial national reference guidelines as more data are assembled.
Lymphocyte subset reference values used to monitor infectious diseases, including HIV/AIDS, tuberculosis, malaria, or other immunological disorders in healthy children in Cameroon, are lacking. Values for Caucasian cohorts are already being utilized for clinical decisions but could be inappropriate for African populations. We report here the immunological profile for children aged from birth through 6 years in Cameroon and also compare our values to data from other African and Caucasian populations. In a cohort of 352 healthy children, aged 0 to 6 years, the relative and absolute numbers of T-cell subsets, B cells, and NK lymphocytes were determined from peripheral blood collected in EDTA tubes. Samples were stained with BD Multitest reagents in Trucount tubes and analyzed by using CellQuest-Pro and FlowJo software. We evaluated about 23 different lymphocyte subsets in which the absolute number and percentage values differed significantly (P < 0.05) with age and peaked between 6 and 12 months. B-cell values were higher compared to reported values from developed countries. Differences in activated and differentiated T cells were observed in subjects between 1 and 6 years of age.
The absolute CD8
؉ T-cell count and the CD4 ؉
/CD8
؉ ratio seem to depend on gender. Normal lymphocyte subsets values among children from Cameroon differ from reported values in Caucasian and some African populations. The differences observed could be due to genetic and environmental factors coupled with the methodology used. These values could be used as initial national reference guidelines as more data are assembled.
Reference values of different lymphocyte subsets in a country where the HIV infection or other immune disease are widely spread are necessary for monitoring and predicting the immune status. In human immunodeficiency virus (HIV) infection, the flow cytometric determination of CD4 ϩ T lymphocytes has been one of the main immunological markers used to monitor the disease in HIV-infected children and adults.
Two-thirds of all people infected with HIV live in sub-Saharan Africa, although this region contains little more than 10% of the world's population (23) . The prevalence of HIV-1 infection in Cameroon is ca. 5.5% in adults (2) . In Cameroon, where many HIV-1 subtypes circulate (7, 11, 15, 21) , vertical transmission of HIV contributes to a majority of the pediatric AIDS cases.
The mother-to-child transmission of HIV is ca. 19.1%, and the number of children (0 to 14 years old) living with HIV/ AIDS was estimated at 45,000 in 2008. About 8,000 children are in need of antiretroviral drugs in Cameroon (2, 26) . Clinical decisions are based on values published from western countries because immunological reference values in pediatric subjects are not available for the Cameroonian population. This highlights the need to obtain data on T-lymphocyte subsets among healthy HIV-uninfected children. It is well known that normal reference values differ among populations (6, 9, 12, 16) , especially among children. Normally, the immune system is functionally immature at birth and undergoes a sequential development that is reflected in changing leukocyte values, a process that is genetically determined and additionally stimulated by antigen exposure (28) . In the context of pediatric HIV infection, the principal immunologic change documented in large, multicentric, and longitudinal studies has been the CD4 T-lymphocyte count, which decreases rapidly in infected infants and children if compared to HIV-exposed (but uninfected) control subjects (1, 14, 19, 22) . Documented evidence shows that reference values are given for the major lymphocyte subsets, including B cells, NK cells, and T cells, including both T-helper and cytotoxic T-cell subsets (8, 10, 17, 20) . A smaller number of studies performed in the United States involve additional subsets, such as naive or effector T cells, with reports on activation markers being relatively rare (4, 18) . Ours is the first study carried out in Africa that describes the cellular evolution, maturation, and activation of peripheral blood lymphocyte subsets in healthy children in Cameroon using a single-platform technology. The values obtained in this way could be used as a reference in other countries within this region with the same genetic and environmental factors to monitor HIV infection and other childhood diseases.
MATERIALS AND METHODS
Study design. The study was conducted in Yaounde, Cameroon. Children were enrolled at the Cite-Verte district hospital and the Mother-Child Hospital of Chantal BIYA Foundation between July 2009 and January 2010. Subjects were children from the township and were recruited for the study by the healthcare assistants at the vaccination unit and by the social assistants around the town.
Since the children were below 6 years of age, only parental informed consent was obtained before assessing subjects for the study. Each individual was assessed clinically by a pediatrician or by a research physician for eligibility to take part in the study. A child was considered healthy when there was no history infectious diseases or hematological and immunological disorders. The parent or guardian of each participant completed a questionnaire. In particular, participants were assessed for signs of febrile illnesses, active infection, malnutrition, and clinical AIDS. The parent or legal guardian of each participant was questioned to determine whether the child was on any medication and whether the child had a history of any illness. An average of 60 subjects were recruited into each of 6 groups divided by sex according to age (Table 1) . After parental informed consent, baseline demographic data, height, weight, and samples containing 2 to 3 ml of blood were obtained. HIV-infected children were referred to the MotherChild Hospital of Chantal BIYA Foundation.
Exclusion criteria. Subject exclusion criteria were concurrent illness and/or medication, an axillary temperature of Ͼ38°C, malnutrition (weight for height of Ͻ70%), an unknown date of birth, and known HIV/AIDS infection. Blood samples were rejected if they were HIV infected or plasmodium positive or if the sample was clotted or rejected by the internal quality control of the FACSCalibur flow cytometry.
Investigations and flow cytometry. Samples from cord blood or peripheral blood was collected in Vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ) containing EDTA as an anticoagulant and analyzed within 6 h of collection at the Laboratory of Immunology of Chantal BIYA International Reference Centre (CIRCB).
The CIRCB algorithm for HIV detection was performed on samples from children aged 18 months and older. An HIV antibody rapid test (Determine HIV-1/2; Abbott Laboratories, Tokyo, Japan) was performed for children older than 18 months, and the Roche Amplicor v1.5 DNA PCR kit (Roche, Alameda, CA) was used for infants younger than 18 months. Confirmation was done by either PCR or serology.
A thick smear was prepared for the diagnosis of malaria and read by two experienced technicians. Table 2 shows the reagents used for sampling and the lymphocyte subsets parameters analyzed in the study. Reagents were kindly provided by BD Biosciences.
Determination of lymphocyte subsets (Table 2 ) was performed using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA) using single-platform technology. Portions (50 l) of whole blood were stained with 10 l of Multitest reagent in Trucount tubes for 15 min (all from BD Biosciences). Red blood cells were lysed by using fluorescence-activated cell sorting lysing solution (BD Biosciences).
Sample data were acquired using CellQuest-Pro software (BD Biosciences) and analyzed with FlowJo software version 7.5.5 for Microsoft (TreeStar, San Carlos, CA). Table 2 shows the lymphocytes analyzed on samples from cord blood and from peripheral blood. Since we used Multitest reagents with Trucount tubes, absolute subset count were obtained by using the formula: (the number of events in the region containing the cell population/the number of events in the absolute count bead region) ϫ (the number of beads per tube/test volume).
Ethical approval. The study was approved by the CIRCB Ethics Committee (0024/08/CE/CIRCB) and submitted to the Ministry of Public Health who delivered an administrative authorization of research (authorization 631-11). Written informed consent was obtained from subjects' parents or legal guardian prior to blood collection.
Quality control. Weekly calibration and internal quality control of the instrument were performed using Calibrite beads (Calibrite 3 plus Calibrite APC) and FACSComp software (all from BD Biosciences). External quality control was performed on a regular basis using samples provided by UKNEQAS (United Kingdom National External Quality Assurance Scheme [United Kingdom]) and QASI (Quality Assessment Scheme for Immunology [Canada] ).
Statistical methods. The effect of sex was evaluated by using a Mann-Whitney test. We used SPSS 17.0 to perform analyses. Medians and 10th and 90th percentiles were determined for all parameters within each age group. Kendall's nonparametric correlations were used to assess associations with age.
RESULTS

Study population characteristics.
We recruited a total of 388 subjects, including 195 (50.3%) females and 193 (49.7%) males. The median age was 16.4 months (range, cord blood to 72 months). A total of 36 subject samples were excluded from 
The presence of a surface marker on a cell is assumed unless the marker is followed by a superscript minus sign. The presence of both plus and minus signs indicates a total cell population.
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the analysis: 10 samples were infected with HIV-1, 21 showed malaria parasitemia, and 5 were coagulated. All subjects were well nourished (weigh for height of Ͼ80% with no edemas) and had no fever or diarrhea reported in the previous few days. Of the 352 remaining subjects included in the analysis, 180 (51.1%) were female and 172 were male. A small sex imbalance was present in some groups. Variation of absolute lymphocyte count with age. In addition to median values, we tabulated the 10th and 90th percentiles. Twenty-one lymphocyte subset distributions by age are shown in Table 3 . We observed that the numbers of B, NK, and T lymphocytes-both CD4 ϩ and CD8 ϩ -increased from birth, peaked at between 6 and 12 months of age, and then decreased gradually by 2 to 6 years.
The absolute number of CD3 ϩ lymphocytes increased 1.6-fold from birth to between 6 to 12 months of age and decreased 1.5-fold between 2 and 6 years of age. The absolute number of CD4 ϩ T cells followed the same pattern; compared to other countries (Table 4) , we observed some differences. A similar trend was observed among CD19 ϩ B lymphocytes, with a 3.3-fold increase during the first year of life and a 1.9-fold decrease occurring between 2 and 6 years of age. Activated helper T cells increased 2.5-fold from birth through 2 to 6 years of life, while activated cytotoxic T cells increased 10 times within the same period. The absolute number of helper and cytotoxic T cells increased 2.6-and 4.3-fold, respectively, from birth through 2 to 6 years of age, whereas the number of naive helper and cytotoxic T cells increased 1.5-fold during the first year and then decreased 1.8-and 1.4-fold, respectively, by 2 to 6 years.
Variation with age in lymphocyte subset percentages. Table  5 shows that children experience a gradual decrease in the percentage of both total CD3 ϩ T cells and CD4 ϩ T cells from medians of 65 and 44% at birth to medians of 59 and 35% between 2 to 6 years, respectively. The percentage of CD8 ϩ T cells increased from a median of 17% at birth to a median of 20% from 6 months to 6 years.
The percentage of B cells increased 2-fold from birth through 3 to 6 months of age and decrease gradually until 1.5-fold between 2 to 6 years of life. A different pattern was seen for the percentage of NK cells, which decreased 2-fold from birth through 3 months to 6 years of age. The CD4 ϩ / CD8 ϩ ratio was 2.8 at birth and dropped to 1.8 in the following 6 years, most likely due to a larger expansion of CD8 ϩ T cells compared to CD4
ϩ T cells early in life. These results are similar to those of a study conducted in Europe (24) . The ␥␦ T cells in our cohort increased 3-fold, while in a Malawi population (10) the corresponding value was Ͻ2-fold.
The changes in distribution of CD4 ϩ and CD8 ϩ T-cell maturation subsets are equally compelling: the percentage of memory helper and cytotoxic T cells increased ϳ2-fold from birth to 6 years of age. The activated helper CD4/HLA-DR/ CD38 T-cell populations increased 2-fold, while the activated cytotoxic CD8/HLA-DR/CD38 T-cell population increased 9-fold from birth to between 2 to 6 years of age. Table 6 shows comparative values for CD4 count percentages in African, Asian, and developed countries.
DISCUSSION
In this study, we assessed lymphocyte subsets from cord blood and from venous blood obtained from 352 healthy Cameroonian children, ranked by age and sex, not infected by HIV. Our study shows that changes in the absolute number of lymphocytes are not consistent with changes in their relative numbers. Lymphocyte subset concentrations peaked in the first year of life and decreased thereafter during childhood. We observed differences between studies conducted in developed countries but noted similarities to studies conducted in subSaharan Africa. The relative value of T lymphocytes in children 0 to 6 years old is higher in developed countries than in Cameroon and Malawi (10, 18) . The mean T-lymphocyte concentration for children 0 to 12 months old in developed countries is higher, while the values are similar in African children between 2 and 6 years old (24) . The B-lymphocyte concentration and relative frequency is higher in Cameroon children than in developed countries. The same has been observed in ϩ T-cell concentration is similar (P Ͼ 0.05) in both areas. Compared to studies in developed countries (4, 18) , the CD4 ϩ T-lymphocyte percentages in Cameroonian children are lower in the first year of life and remained relatively stable in later life, with median values between 35 and 38%. Similar values have been observed in the Kenyan population (3), with a 39.9% median in the first 3 months of age and a 36.5% median at 4 to 12 months of age. In Ugandan children younger than 1 year old (Table 6 ), the median CD4 ϩ T-lymphocyte percentage was particularly low at 31.9% (9), whereas Nigerian children younger than 1 year old have a low CD4 ϩ T-lymphocyte count (percentage and concentration) directly comparable to that observed in other African countries (5) . These studies indicate that the low CD4 ϩ T-lymphocyte percentages observed in Cameroonian children are not unusual for Africa.
In our study, the CD4 ϩ /CD8 ϩ ratio varied between 2.75 and 1.76, while in the Malawian study (10) , the value varied from 2 to 1.5. The discrepancy could be due to the lower value of CD8 ϩ T cells observed in Cameroonian children compared to Malawian children.
There are no reported data from Africa describing variations with age in activated, memory, and naive T-lymphocyte subsets. The trends on these subsets observed in Cameroon are similar to those described in developed countries. The median values for activated cytotoxic cells (CD8/HLA-DR/CD38 ϩ/Ϫ ), however, varied significantly (P Ͻ 0.01) from 92 to 79% in Cameroon children aged 6 months to 6 years and eventually from 95 to 87% in children of the same age in developed countries.
The present study shows-similar to studies performed in developed countries-that age is a highly significantly determinant in lymphocyte subset counting. A statistical significance was detected with all subsets investigated for both absolute and percent concentrations except for CD3/CD4/CD62L/CD45RA naive helper T cells.
Our findings have important implications for current guidelines regarding the immunologic assessment of HIV-infected children in Cameroon. Although the median and percentile values determined here were derived from healthy, HIV-negative children from Cameroon, the relatively low CD4 ϩ T-lymphocyte percentages in children younger than 1 year old means that 27% of these children would have met the World Health Organization (WHO) CD4 ϩ T-cell criterion for immunodeficiency in HIV-infected children (25) ; ca. 35% of Malawian children would meet this criterion (19) . The data presented thus suggest that caution should be exercised when applying guidelines for the immunologic assessment of HIV-infected African children. A study completed in South Africa proposed to use a CD4/CD8 ratio of Ͻ1.0 as a parameter for HIV infection. The same has been suggested for early infant diagnosis of HIV in African children younger than 18 months old. This should be done where DNA PCR is not available and where the results of HIV rapid testing can be complicated by maternal antibodies (13, 29) . These findings show that 4% of Cameroonian children younger than 18 months had a CD4 ϩ / CD8 ϩ ratio of Ͻ1.0. This underlines the importance of using CD4 ϩ T-cell measurement in conjunction with clinical assessment and viral load. The most recent WHO guideline (27, 29) indicates that all children positive for HIV should be put on antiretroviral treatment without considering the number of CD4 ϩ T cells (27) . Therefore, we do not suggest the use of a CD4 ϩ /CD8 ϩ ratio of Ͻ1.0 for HIV infection diagnosis in children, at least not in Cameroon and other similar countries. It is recommended that laboratories involved in DNA PCR detection implement early HIV infection diagnosis in children born from HIV-positive mothers.
In conclusion, our study on lymphocyte subsets is the first study performed in Africa on neonates and very young children. It is also the first with the single-platform technology using Multitest reagents with Trucount tubes, while other studies are performed by using the double-platform technology. In addition, we provide here additional information on lymphocyte subsets in Cameroon with respect to subject age and gender. Our findings suggest that caution should be used when the immunologic status of HIV-infected African children is being assessed; clinicians should take into consideration the clinical status of the child along with other laboratory parameters. The findings presented here may have application to other countries with similar socioeconomic, cultural, and environmental conditions.
